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??????????
A Timing Game Model of Strategic
Environmental Policy
??????? ?
This paper attempts to apply Hamilton and Slutsky's (1990) extended
game with observable delay to a two-country oligopolistic model with
transboundary pollution to consider optimal timings of environmental
policies between countries. We identify that the equilibrium timing is
crucially a®ected by two parameters one of which measures the degree of
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x ???????? cx; c ¸ 0 ?????????????????????
????????????? 1?????????????????????
???????? ¿ ¸ 0 (¿¤ ¸ 0) ???????????????
???????????????????????? u = aC1 ¡ C21=2 +
C2 ¡ sZ; a > c; s > 0 ????????????? u ????Ci; i = 1; 2 ?
? 1????????????? 2???????????????Z ??
?????????????? 1??????? p ???????????
1?????? 1??????? C1 = a¡ p ??????????????
???????????????????????????????????
?????????????? 2C1 = 2(a¡ p) = x+ x¤???? x (x¤) ?
?????????????????????? p ???????????
























2(a¡ c¡ 2¿ + ¿¤)
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; x¤ =




µ 2 [0; 1]?????????????????????????? Z = x+µx¤
???????????????????????? Z¤ = µ¤x+x¤; µ¤ 2 [0; 1]
???????????????????????????????????
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¡¿ ¡ 4(a¡ c) + 6s¤(2¡ µ¤)
7
: (7)
(6), (7) ?????????????????? ¿ ¡ ¿¤ ?????????
????????????????????????? 1???5)?
??????? 1?????????????????????????
?????????????????????????? sZ; s¤Z¤ ????





5) ???? ¿; ¿¤ ?????????????????? s ? s¤?µ ? µ¤ ?????????
????? s; s¤ ???????????????????????????????????
?????????????????????? s = s¤; µ = µ¤ ????????? ¿; ¿¤ ?
???????? 3s(2¡ µ)¡ 2(a¡ c) > 0 ???????
|149|








???????6)????????????? dU = U¿d¿ + U¿¤d¿¤ = 0 ?
? d¿¤=d¿ = ¡U¿=U¿¤ ????????????? U¿ ?????????




4(a¡ c)¡ ¿ + 5¿¤ ¡ 6s(1¡ 2µ)
9
:
???? 4(a¡ c)¡ ¿ + 5¿¤ = (a¡ c¡ 2¿ + ¿¤) + [3(a¡ c) + ¿ + 4¿¤] ??
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?? 1. ? 2??????(µ; s) ?????????? U¿¤ < 0 ????
??. ?? 1 ¡ 2µ < 0 ??? µ > 1=2 ????????? U¿¤ ?????
??????µ < 1=2 ???????????????
U¿¤ > 0 () 4(a¡ c)¡ ¿ + 5¿¤ ¡ 6s(1¡ 2µ) > 0 ()
s <
4(a¡ c)¡ ¿ + 5¿¤
6(1¡ 2µ) :
???????????????? 2????? 2???????? U¿¤ = 0
?? (µ; s) ??????????????????? (µ; s) ???? U¿¤ > 0
(U¿¤ < 0) ??????.
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?? 1??Hamilton and Slutsky, 1990, p. 38, Theorem V.? In
any duopoly game, whether symmetric or asymmetric, in which each ¯rm
chooses a single variable and a unique equilibrium exists on the interior of
the action spaces:
(A) if both reaction functions have slopes of the same sign, then either (i)
neither reaction function intersects the Pareto superior set relative to the
simultaneous move equilibrium, so the unique equilibrium of this extended
game is the simultaneous move equilibrium or (ii) both reaction functions
enter the Pareto superior set, so this extended game has multiple equilibria.







?? 2? (s; µ); (s¤; µ¤) ?????? 2?????????????????













?? 3? (s; µ); (s¤; µ¤) ?????????? 2?????????????
?????????? 1? (ii) ????????????????????
????????
???????????????????? s ????????? 2??
???????????????????????????????????
???????????????s¤ ??????????????????

























??????????????????????????????? µ; µ¤ >
1=2 ????????4????????????????????????




???? Hamilton and Slutsky (1990) ???????????????
8) ??? Barcena-Ruiz (2006) ??? 2 ??????
|157|








[1] Barcena-Ruiz, J. C. (2006), `Environmental taxes and ¯rst-mover advan-
tages,' Environmental and Resource Economics, 35, 19-39.
[2] Collie, D. R. (1994), `Endogenous timing in trade policy games: should
governments use countervailing duties?,' Weltwirtschaftliches Archiv, 130,
191-209.
[3] Fujiwara, K. and N. Matsueda (2009a), `E®ects of transboundary pollu-
tion on the mode of international trade of a polluting good,' Review of
International Economics, forthcoming.
[4] Fujiwara, K. and N. Matsueda (2009b), `An endogenous timing analy-
sis of international duopoly with transboundary stock pollution,' Kwansei
Gakuin University, Discussion Paper Series, No. 31.
[5] Hamilton, J. H. and S. M. Slutsky (1990), `Endogenous timing in duopoly
games: Stackelberg or Cournot equilibria,' Games and Economic Behavior,
2, 29-46.
[6] Jinji, N. (2004), `Endogenous timing in a vertically di®erentiated duopoly
with quantity competition,' Hitotsubashi Journal of Economics, 45, 119-
127.
[7] Ohkawa, T. , M. Okamura and M. Tawada (2002), `Endogenous timing
and welfare in the game of trade policies under international oligopoly,' in
Woodland, A. D. (ed.), Economic theory and international trade: essays
in honor of Murray C. Kemp, Cheltenham: Edward Elgar.
|158|
?????????????????????
[8] Supasri, Y. and M. Tawada (2007), `Endogenous timing in a strategic trade
policy game: a two-country oligopoly model with multiple ¯rms,' Review
of Development Economics, 11, 275-290.
[9] Syropoulos, C. (1994), `Endogenous timing in games of commercial policy,'
Canadian Journal of Economics, 27, 847-864.
[10] Toshimitsu, T. (1997), `On the endogenous timing in trade policy game: a
general case,' Kwansei Gakuin University, Discussion Paper Series, No. 20.
[11] ???? (2000), ?R&D ?????????????????,??????
??, 49, 55-64.
[12] ????????????? (2000), ?3 ?????????????????
???, ????????, 49, 1-12.
[13] ???? (2002), ???????????, ????????, 50, 53-58.
[14] ??? (2000),?????????????????????????????
?????, ???????????????, ???.
|159|
